Abstract. The were studied for the practical melting and annealing purposes. At first the chemical compositions (SEM-EDS) and the martensitic and magnetic transition temperatures (DSC, ac magnetic susceptibility) of the alloys were determined. High temperature DSC measurements were made in argon with 10 K/min. Two first measurements were carried out in the solid state (301 -1273 K) and in the third measurement the material was melted (max meas. temp. 1573 K). The ordering temperature was obtained from the measurements in the solid state. As the e/a ratio was above 7.53 the ordering temperature was in the range of 1019-1039 K, otherwise a clear change was observed. The variation in heating and cooling was less than 5 K with small quaternary additions, but alloying of 8% Fe increased this difference to 18 K. Alloys with close Ni/Mn/Ga-ratio showed only minor differences in solidus and liquidus temperatures, but if there was a clear change in the Ni/Mn-ratio even those alloys having close e/a ratios showed a clear difference in melting behavior. When Ni/Mn is 1.5--with higher values not clear region could be determined.
Introduction
Ni-Mn-Ga alloys have received interest because of their magnetic shape memory effect (MSME), as well as other functional properties such as giant magnetocalorimetry, conventional shape memory effect and superelasticity, magnetically assisted superelasticity, etc. [ 1] . It is well known that the crystal structures, properties and transformation temperatures of the martensites in the ternary alloys may vary considerably with their chemical composition [see, e.g., 2,3, 4, 5, 6, 7] . These properties can be influenced also by quaternary alloying [e.g., 8, 9, 10, 11, 12, 13, 14, 15, 16] . Fe-alloying has been shown to improve the ductility of the alloys and there are working MSM alloys, as well as polycrystalline high temperature shape memory alloys in this group [9] . Ni-Mn-Ga-Cu alloys are less studied and mainly for their magnetocaloric properties [ 17, 18] , but also as high temperature shape memory alloys [19] . In these alloys also MSME has been reported [ 20] .
In order to obtain homogeneous crystal structure in these alloys, it is crucial that the annealing temperatures are selected based on the high temperature phase transition temperatures. Furthermore, for the alloy preparation also the melting and solidification temperatures are needed. According to [21, 22, 23] , the critical transformations for the near-stoichiometric Ni-Mn-Ga alloys are the solidificati ordered, cubic L2 1 structure. The former one can be distinguished in the differential calorimeter measurement with a clear transformation peak, while the second one causes a small change of the slope or a minor peak, which can be detected only when the material is in a well-ordered state. So far, the high temperature behavior has been studied merely with the ternary alloys [21, 22, 23, 24, 25, 26] , and the detailed information concerning the quaternary alloys has not been available. Here, it is reported for alloys with a Fe-or Cu-addition. This data is compared with the respective information for the corresponding ternary alloys. The studied alloys have different fabricating histories alloys A1, A2, A3 and A8 were made with the modified Bridgman method at the Outokumpu Research Center in Finland; alloy A4 was fabricated at TKK using industrially pure ARMCO Fe and Ni-Mn-Ga master alloy by induction melting in argon [9] , alloy A5 was fabricated at Adaptamat Ltd.; and alloys A6, A7 and A9 were prepared at IMP from the electrolytic pure Ni, Mn, Ga, and Fe or Cu [27] . Of these alloys the ternary alloy A2 and the quaternary alloys A5, A6 and A7 show the MSM effect [9, 12, 20] . All alloys were heat treated in vacuum quartz ampoules at 1273K for 48h and then at 1073K for 72h followed by air cooling.
Experimental
Chemical analysis were performed by energy-dispersive spectrometer (EDS) attached to the scanning electron microscope (LEO-SEM) and by fluorescent spectroscopy. Temperatures of direct (M S , M F ) and reverse (A S , A F ) martensite transformation and the Curie points (T C ) were determined using the differential scanning calorimeter (Linkam-600) and the low-field ac magnetic susceptibility measurement. For the high temperature measurements in the temperature range of out in argon with 10 K/min. Two first measurements for each sample were made in the solid state up to 1273 K with a successive cooling to the ambient temperature, and the third measurement cycle was carried out up to 1573 K, i.e., above melting point, followed with cooling to the room temperature.
Results and discussion
The alloy compositions, valence electron concentrations, transformation temperatures of the martensitic and reverse reactions as well as the Curie points of the studied alloys are given in Table  1 . The effect of the Fe-and Cu-alloying on the martensite transformation and the Curie temperature is discussed in detail elsewhere [9, 12] . Table 1 . Alloy compositions of the studied alloys, their phase transformation temperatures, the Curie points, valence electron concentrations both for the alloy in question and for its ternary Ni-Mn-Ga part. The ordering temperature for the L2 1 -B2' transformation [23] was established by observing the minor peaks or slope changes in the DSC curves of the first two measurements both during heating and cooling as well as during heating in the last measurement (insert of Figure 1 ). The obtained values are shown in Table 2 . As the e/a ratio was above 7.53 the ordering temperature was in the range of 1019-1039 K, otherwise a clear change was observed. The variation in heating and cooling was less than 5 K with small quaternary additions, but 8% Fe-alloying increased this difference to 18 K. The highest value (1069 K) was obtained with the ternary A3 alloy exhibiting the lowest e/a value, 7.438, and the Ni/Mn ratio of 2. The lowest ordering temperature of 963 K is [22]
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Figures 1a-c show the DSC curves measured during the heating part of the melting cycle. These values are used for comparison of the materials since the original composition is expected to preserve as shown in [23, 24] . After melting a clear shift of the transformation temperatures is observed during cooling (Table 2) due to the compositional change [23] . In Figures 1a and 1b Figure 2a by closed symbols, the solidus-liquidus region in the present measurements is rather wide. For the quaternary alloys this is reasonable as alloying usually widens the transformation region. Some deviation for the L2 1 -rved now. Also, the variations in L2 1 -larger even when the other phase transformations of the alloys are rather close to each other. However, the obtained results confirm that the generally applied homogenization temperature around 1273 K is quite appropriate and also the commonly used high temperature annealing at 1023 K is close to the L2 1 -.
Conclusions
The high temperature transformations and transitions temperatures for nine Ni-Mn-Ga-(X) alloys, where X is either Fe or Cu were determined. It is shown that with the small amounts of the quaternary element, the main factor influencing the transformation temperatures is the nickel/manganese-ratio of the material.
